Background: 3D-high definition anorectal manometry (3DARM) may aid the diagnosis
| INTRODUCTION
Fecal incontinence (FI) is reported to affect 5-10% of the general population, and chronic constipation (CC) 15-25%. [1] [2] [3] These disorders may alter quality of life, increase hospital admissions, and lead to surgery. 4, 5 Various factors may be associated to induce anorectal symptoms:
alteration of rectal sensitivity and compliance, pelvic floor disorders, anal sphincter and pelvic innervation damages, and anorectal dyssynergia. included adults, one primigravid women during the first trimester of pregnancy, and one children only. [7] [8] [9] [10] However, there is no published study that has evaluated the utility of 3DARM in patients with anorectal symptoms.
Hence, we conducted a prospective multicenter study in order to compare the results of 3DARM among 3 groups of subjects (healthy asymptomatic controls, patients with FI and patients with CC) and to evaluate how 3DARM could differentiate patients with FI or CC from asymptomatic subjects.
| METHODS

| Subjects
Without statistical hypothesis due to the descriptive nature of the project, we planned to included 150 subjects in 3 tertiary centers (Lyon, Rennes, Marseille) for the clinical trial NOMAD (NOrmal values for anorectal MAnometry 3D): 50 asymptomatic volunteers, 50 patients complaining predominantly of FI and 50 patients complaining of CC. Inclusions in the asymptomatic group were stratified for sex, age, and parity (for women). Inclusion criteria in the control group were absence of anorectal symptoms confirmed by a Vaizey score <1 (to eliminate FI) and a Kess score <10 (to eliminate CC). 11, 12 Exclusion criteria in the control group were: the presence of anorectal tumor, ileo-anal/ rectal anastomosis, anal stenosis, anal fistula, anal fissure, pelvic floor disorders, any previous history of anorectal surgery, pelvic irradiation, neurologic diseases, diabetes, or chronic use of opioid medications.
Patients were included in the FI group if they complained predominantly of FI, with a Vaizey score >6 and a Kess score <10; they were included in the CC group if they complained predominantly of constipation, with a Vaizey score ≤6 and a Kess score ≥10. Exclusion criteria for both FI and CC groups were the presence of anorectal tumor, ileo-anal/rectal anastomosis, anal stenosis, anal fistula or anal fissure. 
| Study design
All subjects responded to a structured questionnaire including medical and surgical history, the Vaizey questionnaire for FI, the Kess questionnaire for CC, and the French version of the GIQLI questionnaire for quality of life. 13 They underwent clinical examination, 3DARM, and EUS on the same day.
| 3DARM protocol
3D-high definition anorectal manometry was performed in the supine left lateral position and using a rigid probe (Medtronic, Shoreview, MN, USA) with 256 pressure sensors spread over the whole circumference (10 mm) and length (64 mm). No enema or colonic preparation was administered before the examinations; a disposable sheath with a rectal balloon covering the probe was used. After anal insertion of the probe, a 2 minutes resting period was observed before starting measurements. Anal and rectal (intra-balloon) pressures were then recorded during a 30 seconds resting period, during 2 sustained squeeze periods (voluntary anal contraction as long as possible), and during 2 push maneuvers (simulated defecation). The investigator held the probe during the push maneuvers to avoid probe displacement.
A 30 seconds resting period separated each sequence. The presence of recto-anal inhibitory reflex was tested by inflating the probe rectal balloon with 20, 40, and 60 mL of air. The rectal balloon was then progressively inflated with air up to 300 mL to establish the first sensation volume, the constant defecatory sensation volume, and the maximal tolerable volume as measures of rectal sensitivity.
| EUS protocol
Static EUS was performed, without previous bowel preparation, using a 360° rotating probe (Brüel & Kjaer, Naerum, Denmark) or a biplanar probe (Hitachi, Tokyo, Japan). Examination was performed in the
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• 3D anorectal manometry is still difficult to interpret because the high rate of dyssynergia pattern in controls, and 3D data have been poorly studied so far. Our goal was to compare data obtained in asymptomatic volunteers with fecal incontinence and constipation patients.
• Anal pressures were lower in fecal incontinence.
Dyssynergia pattern was as frequently found in the 3 groups. Pressure and ultrasound defects were slightly concordant.
• Outcome studies should clarify the diagnostic role of 3D
anorectal manometry.
supine left lateral position. Internal and external anal sphincters (IAS and EAS) were described over 3 planes: superior plane for the analysis of the puborectalis, median plane with the presence of IAS and EAS, and inferior plane with the presence of EAS only.
| Data analyses
3D-high definition anorectal manometry data were analyzed blindly by 4 investigators (AG, CB, AR, and FM) using ManoViewAR were then measured using the "contractile integral (CI)" computed with the Smartmouse™ item of the software, as described by Jung et al., 15 and the anorectal IPVs ratio calculated. The results were also analyzed qualitatively according to the 4 types of dyschesia described by Rao et al. 16 Three other variables were analyzed: (i) the presence or absence of an additional HPZ in the upper part of the anal canal during the push maneuver (aspect described as a possible intra-anal rectal prolapse by Heinrich et al.
17
); (ii) the presence or absence of perineal descent as described by Vitton et al.
18
; and (iii) and the presence or absence of ultra-slow waves (spontaneous variations of anal resting pressure of frequency less than 2 per minute 19 ).
| Statistical analyses
Data were expressed as median (interquartile range, IQR) unless oth- 
| RESULTS
One hundred and twenty-six subjects were included: 46 controls (36 females), 38 FI (37 females) and 42 CC (40 females). Fecal incontinence subjects were older than asymptomatic and CC patients. There was a higher proportion of men in the asymptomatic compared to both symptomatic groups. GIQLI scores were similar in FI and CC patients and significantly lower compared to asymptomatic subjects. In the CC group, 25 subjects (60%) presented with dyssynergic defecation according to the KESS questionnaire. Subject characteristics are detailed in Table 1 .
Computation of the anorectal integrated pressurized volume (IPV) ratio during push maneuver. A 5 seconds anal zone of analysis (white box) is centered on the anal nadir pressure (white star) with a height corresponding to the resting anal high pressure zone (HPZ). Significant difference between male and female subjects.
| Results in the asymptomatic group of volunteers
Most 3DARM variables obtained in the asymptomatic group were within the same range as those published in the literature. In the present study, resting anal pressures were similar in men and women, while mean and maximal anal squeeze pressures were significantly higher in males than in females (P<.0001; Table 2 asymptomatic subjects (13% of asymptomatic subjects). Recto-anal inhibitory reflex was present in all asymptomatic subjects. Ultra-slow waves were present in 5 cases (11% of asymptomatic subjects).
The stratification of 3DARM values according to age was performed only for women, because of the limited number of males.
Mean anal resting and squeezing pressures were significantly higher in younger women; the 3D lambda aspect during squeeze was significantly more frequent in younger women. Results were similar between nulliparous and parous women, except for the IPV recto-anal ratio during the push maneuver, significantly higher in nulliparous women (Table 3) .
Endo-anal ultrasound anal sphincter defects were found in 5 asymptomatic women (all multiparous): 2 isolated EAS defects, and 3 EAS and IAS combined defects. No EUS defect was described in males.
| Results in FI and CC groups
The study included a limited number of males in the FI (1 case) and CC (2 cases) groups, and therefore results are presented only for women.
Most rest and squeeze variables were significantly different in FI, compared to asymptomatic and CC women (Table 4 ). To distinguish FI from asymptomatic women, the 2 most discriminant variables were anal mean sustained squeeze pressure (AUC of ROC: 0.786) and maximal squeeze pressure (AUC of ROC: 0.777).
Push maneuver results were similar in the 3 groups, except for the nadir anal pressure that was significantly lower in FI women. There was no significant difference between groups in the qualitative assessment of dyssynergia during the push maneuver, type I dyssynergia being the most frequent pattern observed in the 3 groups. The frequency of perineal descent and the presence of an additional HPZ in the upper anal canal was statistically similar among the 3 groups (Table 4) .
Rectal defecatory sensation and maximum tolerable volumes were significantly lower in the FI group, compared to asymptomatic and CC women. Recto-anal inhibitory reflex was not detected in 4 CC women only (Table 4) .
Endo-anal ultrasound anal sphincter defects were detected in 12 CC women (3 isolated IAS defects, 5 isolated EAS defects, and 4 combined defects) and in 18 FI women (4 isolated IAS defects, isolated EAS defects and 8 combined defects). Values are reported as mean (SD); P: pressure; P defect: 3D pressure defect; lambda: 3D lambda aspect during squeeze; nadir P: nadir anal pressure during push maneuver; anal relax: % of anal pressure decrease during push maneuver; IPV ratio: integrated pressurized volume recto-anal ratio. T A B L E 4 3D-high definition anorectal manometry data in asymptomatic women, fecal incontinence and chronic constipation female patients sphincter defects was significantly different only between FI women and asymptomatic women (50% vs 14%, P<.005). There was slight concordance between pressure defects at rest or during squeeze and EUS defects (best Kappa coefficient value 0.1).
| DISCUSSION
3D-high definition anorectal manometry data are scarce in the literature: two papers have reported values measured in healthy adults 8, 9 ; one article compared 3DARM and conventional manometry results in adult patients
20
; and one paper compared the performance of 3DARM
with EUS for the diagnosis of anal sphincter defects. Dyssynergic patterns during the push maneuver (or simulated defecation maneuver) have been described both in conventional and HRARM to identify constipation with dyssynergic defecation. 22, 23 Xu et al. found 3DARM useful to distinguish patients with paradoxical puborectalis syndrome from healthy controls. 24 However, the patients analyzed were highly selected, with paradoxical puborectalis syndrome based on the positivity of 4 different tests: clinical examination, defecography, increased EMG activity, and balloon expulsion time >5 minutes.
The results of the present study are more in line with those reporting a high rate of dyssynergic pattern during the push maneuver in asymptomatic subjects using HRARM or 3DARM. 8, 25 To decrease this high rate of dyssynergic pattern, some authors have suggested performing the test in the sitting position. 26, 27 It may, however, be difficult to perform the examination in a sitting position with the rigid 3D probe, and adding a balloon expulsion test sitting on a commode after 3DARM may be recommended. 28 In addition, results of the push maneuver with 3DARM
have been suggested to allow for the diagnosis of pelvic floor disorders such as perineal descent or intra-anal rectal prolapse. 17, 18 Herein, the prevalence of the corresponding manometric abnormalities was similar in asymptomatic and symptomatic groups which may limit the diagnostic impact of 3DARM for pelvic floor disorders. Outcome data studies are clearly needed to validate new 3DARM push maneuver results for the diagnosis of dyssynergic defecation and pelvic floor disorders.
It was expected that 3D data could detect anal sphincter defects, similarly to anal ultrasound. The results confirm that pressure defects can be detected in a reproducible manner with 3DARM, but that they are poorly concordant with EUS defects. 14, 29 The normal asymmetrical pattern of anal pressures may explain this difference. 9 Another possibility is that the fibrous scar due to anatomical defects may create falsely elevated anal pressure areas, thereby limiting the possibility for EUS and 3D pressure defects to concord.
There are some limits to this study. The total number of asymptomatic subjects to be included was limited to 50, which had to be stratified on sex, age and parity. The sub-groups of asymptomatic subjects were thus of small size and comparisons have limited statistical values.
Similarly, we had to limit comparisons between symptomatic and asymptomatic groups to women, because of the very limited number of males included in the FI and CC groups. In the setting of this multicenter study, investigators agreed to perform 3DARM according to a standardized protocol, but we must recognize the lack of agreement in the literature on how the different procedures should be performed, and their exact place in the clinical work-up of FI, CC and dyschesia.
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The 3DARM push maneuver results were not compared to other tests such as balloon expulsion test or dynamic pelvic floor imaging techniques such as defecography or dynamic pelvic MRI. These tests were not included in the study as we believed that they would represent too much of a constraint for the recruitment of asymptomatic volunteers.
In conclusion, the study presents reference values based on sex and age which are important for the interpretation of 3DARM results.
3D-high definition anorectal manometry results are pertinent to identify FI patients, but this remains to be determined for the identification of anal sphincter defects, the diagnosis of dyssynergic defecation and pelvic floor disorders.
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